We present results from a study of the dense circum-nuclear molecular gas of starburst galaxies. The study aims to investigate the interplay between starbursts, active galactic nuclei and molecular gas. We characterise the dense gas traced by HCN, HCO + and HNC and examine its kinematics in the circum-nuclear regions of nine starburst galaxies observed with the Australia Telescope Compact Array. We detect HCN (1-0) and HCO + (1-0) in seven of the nine galaxies and HNC (1-0) in four. Approximately 7 arcsec resolution maps of the circum-nuclear molecular gas are presented. The velocity integrated intensity ratios, HCO + (1-0)/HCN (1-0) and HNC (1-0)/HCN (1-0), are calculated. Using these integrated intensity ratios and spatial intensity ratio maps we identify photon dominated regions (PDRs) in NGC 1097, NGC 1365 and NGC 1808. We find no galaxy which shows the PDR signature in only one part of the observed nuclear region. We also observe unusually strong HNC emission in NGC 5236, but it is not strong enough to be consistent with X-ray dominated region (XDR) chemistry. Rotation curves are derived for five of the galaxies and dynamical mass estimates of the inner regions of three of the galaxies are made.
Introduction
Understanding the relationship between star formation and active galactic nuclei (AGN) is central to the study of galaxy formation and evolution. Starbursts and AGN are known to coexist in many galaxies (e.g. Storchi-Bergmann et al. 2003; Greenhill et al. 1997; Cappellari et al. 2009 ). Bulge properties of the host galaxy, such as spheroid luminosity (Richstone et al. 1998) , bulge mass (Magorrian et al. 1998) , stellar velocity dispersion E-mail: claire.elise.green@gmail.com (e.g. Tremaine et al. 2002; Woo et al. 2013) and bulge concentration (Graham et al. 2001) , have been found to be tightly correlated to the mass of the central black hole, suggesting that the black hole and the host galaxy are closely related and may co-evolve. Starbursts are associated with spheroid formation (Barnes & Hernquist 1991) and since the spheroid properties are closely correlated with those of the AGN (or black hole) a starburst-AGN connection is to be expected. This connection may be evolutionary; AGN have been suggested as the final stage of nuclear starburst evolution (Weedman 1983) . The starburst may also regulate the amount of gas available for accretion onto the AGN (Ciotti & Ostriker 2007) or the AGN may regulate circum-nuclear star formation or even quench it (e.g. Dubois et al. 2013; Olsen et al. 2013) . Alternatively these phenomena may be decoupled, occurring simultaneously because they are triggered and fuelled by common mechanisms: interactions, such as mergers, and a rich supply of circum-nuclear gas.
Although the precise nature of the starburst-AGN connection remains an open question, some progress in this field includes the correlation between star formation rate (SFR) and average black hole accretion rate (Chen et al. 2013) . With this project we seek to investigate the influence of star formation and AGN on circum-nuclear molecular gas, laying the foundation for the use of this gas in the study of the interplay between AGN and starbursts.
Molecular line intensity ratios can be used as diagnostic tools to examine the influence of the star formation or AGN on circum-nuclear gas (e.g. Maloney, Hollenbach & Tielens 1996; Meijerink, Spaans & Israel 2007; Loenen et al. 2008 ). These intensity ratios allow for the identification of X-ray dominated regions (XDRs) and photon dominated regions (PDRs), which facilitates determination of whether the star formation or AGN has the dominant effect on the gas (Meijerink et al. 2007 ). PDRs are affected by star formation regions producing farultraviolet (FUV) radiation. XDRs are primarily influenced by X-rays from an AGN or black hole. The chemistry of these regions is dependent upon the type of radiation, thus they are differentiated by the relative intensity of their rotational molecular lines (Meijerink et al. 2007 ). In our characterisation of the dense, circum-nuclear molecular gas we use velocity integrated flux density ratios (henceforth 'integrated intensity ratios') to determine whether XDRs or PDRs are present. A point of difference of this project compared to others examining the same sources is the spatial information obtained by using telescope array data. This allows the creation of spatially resolved integrated intensity ratio maps that display the spatial variation of the ratios. These maps are an important diagnostic tool in the robust identification of XDRs and PDRs that can be used alongside traditional intensity ratio values.
The observations and data reduction are described in Section 2; results are presented in Section 3 along with the discussion of the implications of these results for characterising the dense circum-nuclear molecular gas of these galaxies. Conclusions are presented in Section 4.
Observations 2.1 Sources
Previously unprocessed data were retrieved from the Australia Telescope Online Archive (ATOA 1 ). To achieve the aims outlined in Section 1 the archive was searched for resolved composite AGN/starburst and pure starburst sources with high resolution observations of HCN, HCO + and HNC (1-0). A sample of nine galaxies was selected according to these conditions from the dataset 1 http://atoa.atnf.csiro.au corresponding to project code C2116 (primary investigator D. Espada). The sources included in this dataset, listed in Table 1 , are southern infrared (IR) bright galaxies with strong CO (2-1) molecular lines. To probe the relationship between starbursts and AGN, we selected sources that are starbursts hosting either confirmed AGN, possible AGN or no AGN. All sources meet the starburst criteria of Mao et al. (2010) , where a starburst galaxy has a ratio of infrared luminosity (LFIR=L(40−400 µm)) to isophotal area satisfying log[(LFIR/L )/(D 2 25 /kpc
2 )]>7.25. The galaxies are all barred spirals with the exception of NGC 1482, which is a lenticular peculiar galaxy (de Vaucouleurs et al. 1991) . The morphology, luminosity and other properties of the sources are summarised in Table 1 .
The nine galaxies listed in Table 1 were observed with the hybrid H75 configuration of the Australia Telescope Compact Array (ATCA), located near Narrabri, NSW, Australia. These observations were undertaken in the period from July to October 2009. Observations were made periodically of each source and an appropriate phase calibrator, switching from the source to the phase calibrator, and then back to the source. Uranus was used as the flux calibrator throughout the observations. The H75 array is the most compact array configuration available and was used to produce a synthesised beamsize of ∼7×7 arcsec. The Compact Array Broadband Backend (CABB 2 ) provided 2×2 GHz bandwidth windows for the observations. Each window delivered dual polarisation data with 2048 channels. The central frequencies of the windows were 89 GHz to observe the HCN (1-0) and HCO + (1-0) transitions occurring at rest frequencies of 88.63 and 89.19 GHz respectively, and 91 GHz to observe the HNC (1-0) transition occurring at a rest frequency of 90.66 GHz. The data have a frequency resolution of 1 MHz, corresponding to velocity channel resolutions of 3.4 and 3.2 km s −1 for the lower and upper windows respectively, and spectral bandwidths of 6900 and 6750 km s −1 .
Data reduction
The unprocessed data files were obtained from the ATOA and data reduction was performed using miriad 3 (version 1.5; Sault et al. 1995) , following the standard procedure, to produce spectral line data cubes from data collected across multiple epochs in 2009. Molecular line datasets for each frequency were calibrated separately, then combined (using miriad invert) to produce one data cube per molecular line per source. A primary beam correction was performed using the miriad linmos task. The Högbom clean algorithm (Högbom 1974) was applied to deconvolve the data within miriad. The cleaned HCO + and HNC data were re-gridded to the HCN spatial grid.
Area integrated spectra were produced for each molecular line detected in each source. To use these spectra later Table 1 : Source properties. Column 1 presents the source name, Column 2 provides the right ascension (RA), Column 3 indicates the declination (DEC) and Column 4 lists the total on-source integration time. Column 5 provides the distance and Column 6 presents the kinematic local standard of rest (LSR) velocity. Column 7 lists the inclination, Column 8 presents the literature morphological classification, Column 9 indicates the galaxy type (i.e. whether the galaxy is a 'pure' starburst or a 'composite' starburst-AGN) and Column 10 denotes with a 'y' whether the galaxy is undergoing an interaction (otherwise there is no clear evidence for an interaction). Column 11 lists the type(s) of activity present, Column 12 presents the base 10 logarithm of the infrared luminosity (L IR =L(8-1000 µm)) and Column 13 provides the ratio of far infrared luminosity (L FIR =L(40−400 µm)) to isophotal area. Notes: Distances and velocities were sourced from Tully (2009) and unless otherwise indicated the morphology reference is de Vaucouleurs et al. (1991) . NGC 3256 is an interacting galaxy with a double nucleus, the inclination value listed represents that of the merged disk. The first indicated reference for the galaxy type (Column 9) is for the presence of the starburst, the second for the presence or absence of an AGN. The reference for the logarithm of infrared luminosity (Column 12) and for the far infrared luminosity used to calculate the value in Column 13 is Sanders et al. (2003) . in the calculation of integrated intensity ratios, we required the best possible signal-to-noise. We chose to produce these spectra over the same area for all lines, which was the area that included all significant emission. To achieve this the spectra were produced over the area defined by the 3σ contour of the strongest line. This line provided the largest area of the three, and this 3σ region is referred to as the 'largest emission region'. Integrated spectra (as opposed to average spectra) were produced so that any pixels with no emission in the other two lines did not contribute to the spectra. These spectra can then be directly compared in the calculation of integrated intensity ratios. Spectra were produced by first constructing a 2D mask from the moment zero (velocity integrated specific intensity) map of the molecular line that had the largest 3σ emission region. This mask was then applied to each velocity slice of the 3D data cube of each molecular line detected and the unmasked pixel values were summed and converted from units of specific intensity (Jy beam −1 ) to units of flux density (Jy) by multiplying by the pixel area in beam units to produce the integrated flux density value plotted against the velocity 4 values in the final integrated spectra presented in Figure 1 . The average rms of the data cubes with detections was 8.1 mJy, for cubes with non-detections the average rms was 13.4 mJy. Poor weather, which has a particularly adverse effect on 3−mm observations, contributed to this difference in the rms of the detections and non-detections.
Gaussian fitting of the integrated spectra using χ 2 minimisation was performed with the python mpfit 5 routine to extract the peak flux density, central velocity, linewidth (FWHM) and velocity integrated flux density (Jy km s −1 , henceforth 'integrated flux density'). The spectra were Hanning smoothed in python with window sizes of 3, 5, 7 or 9 velocity channels as appropriate before Gaussian fitting was performed.
3 Results and discussion 3.1 HCN, HCO + and HNC detections Detections of HCN (1-0) and HCO + (1-0) have been made in seven of the targeted galaxies and HNC (1-0) has been detected in four. The integrated spectra for the molecular lines of each galaxy are presented in Figure 1 . The parameters of the Gaussian fit: peak flux density, central velocity, linewidth and integrated flux density, are presented in Table 2 for HCN, HCO + and HNC respectively. Moment zero maps of the dense gas tracers are presented in Online Appendix A. The moment zero maps of the NGC 1365 molecular lines are presented in Figure 2 as an example. Upper limits for the non-detections are presented in Table 2 . The upper limit on the peak flux density was taken to be 4 All velocities presented are kinematic local standard of rest (LSR) velocities.
5 Sergey Koposov's python translation of mpfit: https://code.google.com/p/astrolibpy/downloads/list three times the rms of the non-detection data cube, while the upper limit of the integrated flux density was taken to be three times the rms of the moment zero map of the non-detection. For sources with non-detections of all three lines (NGC 1482 and NGC 3620) these measurements were made over the CO (1−0) velocity range of the literature (Elfhag et al. 1996) . For sources with a non-detection of HNC (NGC 1097, NGC 3256 and NGC 7552) and a weaker component at ∼570 km s −1 . The HCN and HCO + spectra dip below zero at ∼625 km s −1 . This is likely due to absorption against the 3−mm continuum. Cunningham & Whiteoak (2005) also observed this absorption feature at the same approximate velocity. The 'flat' sections of the HCN and HCO + spectra at ∼530 km s −1 are due to clipping in the data reduction to remove large noise spikes that were likely from interference.
To approximate the amount of emission on more extended spatial scales filtered out in the ATCA interferometric observations (the 'missing flux') we compare 6 with available single dish Swedish-ESO Submillimetre Telescope (SEST) observations of HCN, HCO + and HNC presented in Baan et al. (2008) . Excluding NGC 5236, where percentages are lower, we recover between 19% and 50% of the flux, with an average of 25%. The amount of recovered flux is listed for each source in Table 2 .
We explore the potential effect of the missing flux on our analysis in Online Appendix B. The amount of missing flux for each molecular line in each source is estimated, and intensity ratios adjusted for this missing flux are also calculated (please see Online Appendix B for full details). We find the adjusted ratios to be consistent with the ratios calculated in Section 3.2.1, generally differing from these ratios by less than 10%. The missing flux therefore does not present a significant problem, not even in the case of NGC 5236. We find that in practice the scientific conclusions of this work are robust to the amount of missing flux over the small areas we are considering.
Interferometric data have advantages for the calculation of integrated intensity ratios between different molecular lines, both due to the higher baseline stability and higher angular resolution. This allows direct comparison of the molecular line ratios in spatially resolved regions within the central region of galaxies, which are averaged at the single dish resolution. Our ratios are not global values for the galaxy, but are representative of the conditions of localised density enhancements on a scale of ∼7 arcsec within a more extended structure. With the interferometric data we can then produce ratio maps showing the spatial variation of the ratios on these scales.
We find the HCO + largely follows the HCN distribution which is to be expected based on what is seen in our own Galaxy (Lo et al. 2009; Jones et al. 2012) . In NGC 5236 the HNC line approaches the intensity of the HCN line, which is unusual. Although these molecules are all dense gas tracers, HNC generally traces cool gas as it is preferentially formed over HCN at temperatures 15 K, while HCN and HCO + trace warmer gas. Perez-Beaupuits, Aalto & Gerebro (2007) and Aalto et al. (2007) investigated anomalously bright HNC comparable to the HCN emission. They suggest four possible explanations: large masses of hidden cold gas, ion-neutral dominated chemistry, XDR chemistry and HNC enhancement through mid-IR pumping. As will be discussed in detail in the following section, the integrated intensity ratios of NGC 5236 are not consistent with XDR chemistry. Our data do not exclude any of the three other possible explanations and chemical modelling could be used to investigate the anomalous HNC further. The modelling, however, is beyond the scope of this work.
Integrated intensity ratios
Recent numerical models of the heating effects of X-ray and UV radiation to produce XDR and PDR regions by Meijerink & Spaans (2005) and Meijerink et al. (2007) , and the extension of these models to include mechanical heating by Loenen et al. (2008) , demonstrate that the molecular line intensity ratios of HCO + (1-0)/HCN (1-0) and HNC (1-0)/HCN (1-0) discriminate between XDRs and PDRs. These molecular lines then allow us to determine whether the starburst or the AGN predominantly affects the chemistry of the molecular gas. These ratios will henceforth be referred to as HCO + /HCN and HNC/HCN respectively. The predictions of these models will be described here and we compare our observational results with the XDR/PDR modelling in Section 3.2.2.
In general these models are anchored to the hydrogen number density. Three main models were presented by Meijerink & Spaans (2005) and Meijerink et al. (2007) covering high (10 4 -10 6.5 cm −3 ), moderate (10 3 -10 4 cm −3 ) and low (10 2 -10 3 cm −3 ) number densities. HCN, HCO + and HNC (1-0) are widely considered high density gas tracers and their critical densities 7 (of ∼3×10 6 , ∼4×10 5 and ∼4×10 6 cm −3 respectively), when used as a first order approximation to the number density, indicate the high density XDR/PDR model is applicable. These critical densities hold for optically thin lines. In the case of optically thick conditions these critical densities will decrease with the inverse of the opacity. Deviations from optically thin conditions will shift line intensity ratios closer to unity, but ratios will remain to be either larger or smaller than one. It is likely these lines are sub-thermally excited, and that the emission arises from regions below the critical density. Meijerink & Spaans (2005) and Meijerink et al. (2007) state that in the case of the HCN, HCO + and HNC molecular lines, only the highest density model (>10 4 cm −3 ) is applicable due to the very poor observational prospects of these molecules in their lower density models. We therefore compare our ratios with the high density model results, following Baan et al. (2008) .
Within the high density regime of Meijerink & Spaans (2005) (ii) PDRs are characterised by HCO + /HCN and HNC/HCN ratios 1 in these high (column) density regions.
Cosmic rays can also influence the chemistry of molecular gas, producing cosmic ray dominated regions (CRDRs). These regions can be detected in high J transition (J > 10) CO lines. However, they are indistinguishable from XDRs in HCN, HCO + and HNC (Meijerink et al. 2011 ). Similar to X-rays, the cosmic rays can enhance HCO + by increasing the ionisation of the gas, producing high HCO + /HCN ratios (Papadopoulos 2010 ). This ambiguity is not an issue in this work. As will be discussed in Section 3.2.2 no definitive XDR detections were made.
HCN, HCO
+ and HNC ratios have also been linked to the heating budget of different stages of starburst evolution Baan et al. 2010) . Mechanical heating from Young Stellar Objects (YSOs) or supernovae influence the relative abundances of these species. Heating of the gas (>100 K) by mechanical processes can cause the conversion of HNC into HCN, decreasing the HNC/HCN ratio. Loenen et al. (2008) proposes a division of PDRs into two groups: high density ( 10 5 cm −3 ) UV dominated PDRs and lower density (∼10 4−5 cm −3 ) mechanical feedback dominated PDRs. The higher density UV dominated PDRs are proposed to have a HNC/HCN ratio approaching a value of one and weak HCO + representing an early stage of star formation while the heating of mechanical feedback PDRs is dominated by shocks, lowering the HNC/HCN ratio, representing a later stage of star formation where some stars have generated supernova.
Calculation of integrated intensity ratios
Integrated intensity ratios were calculated by division of the velocity integrated flux density of the individual Gaussian spectral components (see Figure 1) . Individual Gaussian components were treated separately as they are likely coming from spatially separate regions in the galaxy. The resulting integrated intensity ratio results are summarised in Table 3 and plotted in Figure 3 . As NGC 4945 was significantly affected by absorption features (see Section 3) it is excluded from this analysis.
The integrated intensity ratios of the high density gas tracers HCN, HCO + and HNC are assumed to be unaffected by potential differences in their beam filling factors. These molecular lines have been observed with similar synthesised beams so under the assumption of similar spatial distribution their beam filling factors will also be much the same.
Intensity ratio maps were created by division of the relevant moment zero maps and are presented in Online Appendix C. These maps have been masked at the 3σ level of the HCN moment zero map for each individual source. Example intensity ratio maps are presented for NGC 1365 in Figure 2 . The ratio maps display the spatial distribution and variation of the ratios and are important diagnostic tools. We urge caution in the interpretation of intensity ratio maps however, as they give no indication of the magnitude of the uncertainties. The numerical ratio with its standard deviation, while providing no indication of the size of spatially distinct chemical regions or of spatial variations of the ratio, does, however, provide a simple estimate of the uncertainty. We therefore encourage the employment of numerical intensity ratios and spatial ratio maps in parallel to ameliorate the process of robustly identifying XDRs and PDRs.
Identification of XDRs/PDRs with intensity ratios
To make robust XDR/PDR classifications we require the calculated integrated intensity ratio to lie entirely above or below unity at the 1σ uncertainty level and for the source to have spatially consistent ratio regions as demonstrated by the intensity ratio maps. Costagliola et al. (2011) argue that the HCO + /HCN ratio is not a reliable tracer of XDR/PDR chemistry when used alone, and Baan et al. (2008) propose the HNC/HCN ratio is a much more dependable tracer of these regions compared to HCO + /HCN. We therefore require both ratios to be consistent with XDR/PDR chemistry to make a determination. Three of the nine sources fully meet these conditions. Those galaxies providing a classification are described in more detail below.
Details of XDR/PDR classifications: NGC 1097: The HCO + /HCN ratio map has a value less than one. We propose NGC 1097 as a PDR host. This is consistent with the suggestion by Mason et al. (2007) that the dust component in the nuclear region of this galaxy is heated primarily by star clusters in the starburst ring. Table 2 . HCN, HCO + and HNC (1-0) detections and non-detections. Listed are the parameters of the Gaussian fits of the seven HCN (1-0) and HCO + (1-0) detections and the four HNC (1-0) detections. In the case of a non-detection the 3σ upper limits for the flux density and integrated flux density are listed. These values represent three times the rms of the data cube (Col. 2) and three times the rms of the moment zero map (Col. 5) respectively. The width of an individual velocity channel is also listed for the non-detections (Col. 4). Column 1 is the source name, Column 2 lists the peak flux density after the primary beam correction, Column 3 provides the kinematic LSR velocity of the peak of the integrated spectra, Column 4 gives the linewidth (FWHM), Column 5 presents the velocity integrated flux density and Column 6 presents an estimate of the recovered flux of the interferometric data compared the the single-dish data of Baan et al. (2008) . Martín et al. (2015) achieve higher resolution for this source with Atacama Large Millimeter/submillimeter Array (ALMA) observations and find variation in the HCO + /HCN (1-0) ratio between the starburst ring and central region, with the HCO + /HCN ratio decreasing with distance from the central AGN and distance to the starburst ring as would be expected in the scenario described by Meijerink & Spaans (2005) and Meijerink et al. (2007) , summarised in Section 3.2. They suggest that the AGN only affects the ratios at the very centre of the galaxy. Our overall ratios of less than one may be due to a PDR contribution from the starburst ring dominating over an XDR contribution coming from the central AGN. Meijerink et al. (2007) suggest that the effect of an XDR is more difficult to detect if there is even a 10% contribution from a PDR in the vicinity as this can suppress emission lines that would otherwise be enhanced. This means firm XDR detections may only be possible at very high resolution.
Source
NGC 1365: The HCO + /HCN and HNC/HCN ratio maps have values less than one. We conclude that NGC 1365 hosts a PDR, in agreement with the results Table 3 . Integrated intensity ratio results. The HCO + /HCN and HNC/HCN integrated intensity ratio results for the J=1→0 transitions. Column 1 is the source name. Column 2 provides the velocity integrated intensity ratio of Gaussian components corresponding in velocity. Where two ratios are listed, the first refers to the ratio of the first (lowest velocity) Gaussian components of the relevant spectra, while the second listing refers to the ratio of the second (higher velocity) Gaussian components. The detection of three PDRs is significant as very few XDRs and PDRs have been identified. These results demonstrate that in NGC 1097, NGC 1365 and NGC 1808 which host PDRs, the vigourous star formation has the dominant effect on the circum-nuclear molecular gas. Our PDR classification using the integrated intensity ratios of HCN, HCO + and HNC reproduces the literature classification of NGC 1365 arrived at through alternative methods, demonstrating the validity and usefulness of these molecular lines in the identification of these regions. Interestingly we find no galaxy which shows the PDR signature in only one part of the observed nuclear region. This lack of variation can only be deduced from interferometric data and is a major advantage of using the ATCA for this study as opposed to a single dish telescope. 

Rotation curves and dynamical masses
Rotation curves have been derived from positionvelocity diagrams (PVDs) for our galaxy sample and these are presented in Online Appendix D. The PVD and rotation curve of NGC 4945 HCN are presented in Figure 2 as an example. The PVDs were extracted from the data cubes of each molecular line along the kinematical major axis of each galaxy using the program kpvslice 8 . The position angles of the position-velocity (p-v ) cuts are listed in Table 4 alongside the dynamical mass estimates, and are overlaid on the moment zero maps (see Online Appendix A). Velocities and radii were extracted from the PVDs using an IDL code to produce the rotation curve.
There were no clear indications of rotation in the moment one maps (intensity weighted velocity maps, see Online Appendix A) of NGC 3256 or NGC 5236, therefore we exclude these sources from the dynamical mass calculation. Clear, well defined PVDs, suitable for the construction of rotation curves, could be produced for NGC 1097 (HCN), NGC 1365 (HCN, HCO + , HNC), NGC 1808 (HCN, HCO + , HNC) and NGC 4945 (HCN, HCO + , HNC).
The dynamical mass represents the total mass of all matter interior to a particular radius, including contributions from the molecular gas, dust, stars and central black hole. It provides a useful characterisation of the circumnuclear region of galaxies, giving an upper limit on the mass of the central black hole (e.g. García-Burillo et al. 2003) . Our high resolution data means we can estimate the dynamical mass at small radii.
The relation between dynamical mass and the kinematics of the gas, assuming Keplerian rotation, is given for example by Mauersberger et al. (1996) :
where M dyn is the dynamical mass in M , vR is the inclination (i) corrected radial velocity in km s −1 ( vR = v uncorrected /sin(i) ) at distance R in pc from the centre of mass and η is a constant with a value between zero, for the most flattened disk mass distribution, and one, for a spherical mass distribution. The moment one maps indicate that the circum-nuclear gas of NGC 1097 (HCN), NGC 1808 (HCN, HCO + , HNC), and NGC 4945 (HCN, HCO + , HNC) is distributed in a disk. We therefore assume an intermediate value of η=0.8, representing a disk-like mass distribution in between that of the most flattened disk and a sphere in order to perform the dynamical mass calculation. The gas of NGC 1365 (HCN, HCO + , HNC) appears to trace a warped disk. The straight p-v cut does not capture its full rotation, therefore NGC 1365 is excluded from the dynamical mass analysis.
For NGC 1808 no dynamical mass for a comparable radius is available in the literature. These results therefore provide an important first estimate of the dynamical mass of the circum-nuclear region, of ∼4.0×10 8 M at ∼160 pc.
Summary and Conclusions
In a sample of nine starbursts, the dense circum-nuclear gas traced by HCN, HCO + and HNC has been characterised, with seven detections of HCN (1−0) and HCO + (1−0), and four detections of HNC (1−0). With our sample of starburst galaxies we find that:
(i) The HNC rivals the intensity of the HCN in NGC 5236, contrary to expectations. This may be due to hidden masses of cold gas, ion-neutral dominated chemistry or enhancement through mid-IR pumping. We have excluded the possibility that this is due to XDR chemistry.
(ii) We detect PDRs within the circum-nuclear region of NGC 1097, NGC 1365 and NGC 1808. We find no galaxy which shows the PDR signature in only one part of the observed nuclear region.
(iii) The dynamical mass of the inner regions of three of the galaxies has been calculated. Our results represent the first such estimate for NGC 1808.
These results provide a solid foundation for the use of dense circum-nuclear molecular gas in the study of the connection between starbursts and AGN. Understanding this relationship is paramount to the study of galaxy formation and evolution. Administration. This research has also made use of NASA's Astrophysics Data System Bibliographic Services. Graphs presented in this work were prepared using the python matplotlib graphics package (Hunter 2007) . This research made use of astropy, a community-developed core python package for Astronomy (Astropy Collaboration, 2013) . This research also made use of aplpy, an open-source plotting package for python hosted at http://aplpy.github.com. Table 4 . Dynamical mass estimates. Column 1 lists the source name, Column 2 provides the molecular species (J=1→0 transition), Column 3 presents the kinematical position angle and Column 4 denotes the inclination angle used to convert the observed to real rotational velocities (the references for which are listed in Table 1) . Column 5 provides the radius, Column 6 lists the matching inclination corrected velocity at that radius, Column 7 presents the corresponding dynamical mass calculated using Equation 1. The radii were initially calculated in seconds of arc, and have been converted to parsec using the distances listed in Table 1 . For comparison Column 8 and Column 9 present the dynamical mass estimate (calculated at a comparable radius to that listed in Column 5 ), and the corresponding radius available in the literature. These estimates were not made with the same molecular lines as this work. References: a Izumi et al. (2013) , b Roy et al. (2010) .
NGC 1097 HCN ∼141 34 70 ± 40 360 ± 5 (1.7 ± 1.0)×10 9 2.8×10 8 a 40 a NGC 1808 HCN ∼139 50 53 ± 30 80 ± 4 (6.0 ± 3.4)
A Moment maps Figure A1 : Moment zero and moment one maps. Presented in the left column are the moment zero (velocity integrated specific intensity) maps and in the right column are the moment one (intensity weighted velocity) maps of the molecular data. The moment one maps are displayed for emission in the moment one maps 3σ for each molecular line. Source name and molecular species (J=1→0 transition) are listed on each map. For reference the beam is plotted in white in the bottom left corner of the moment zero map. The white line on the moment zero maps represents the direction of the p-v cut used in the production of the position-velocity diagrams (PVDs) in Appendix C. 
B 'Missing flux' analysis
The data presented in this work was obtained with the ATCA interferometer. As with all interferometric measurements, there is some amount of emission on extended scales that is filtered out by the array. This was minimised by using the most compact array configuration available (H75), however, this 'missing flux' could potentially affect the integrated intensity ratios used in the classification of XDRs/PDRs. To determine the importance of this missing flux we estimate its magnitude here and calculate adjusted intensity ratios taking the missing flux into account. The details of this calculation are described, an example calculation presented, and the adjusted ratios are listed below.
To estimate the magnitude of the missing flux we examined one particular velocity in the ATCA interferometric and the SEST single-dish ) spectra for each molecular species of each source. This velocity was selected as being that of the peak of the ATCA emission. The ATCA flux density at that velocity was subtracted from the SEST flux density. The difference in the flux density was then scaled by a factor representing the area in arcsecs 2 of the 3σ emission in that velocity slice divided by the area of the SEST beam (HPBW=57 arcsecs) to give an estimate of the missing flux density that would be 'hidden beneath' our ATCA detection. This process is summarised in the equation: 
These adjusted ratios provide a first order approximation to assess the affect of the missing flux on the XDR/PDR classifications made in Section 3.2.2. They do not represent a better estimate to the integrated intensity ratios calculated in that section, but provide a check of their robustness. The data used for these calculations are listed in Table B1 . The adjusted intensity ratio values are listed in Table B2 , along with the original ATCA integrated intensity ratio values from Section 3.2.1. The difference between the original ATCA integrated intensity ratios and the adjusted ratios generally differ by less than 10% (with the exception of the NGC 3256 HCO + /HCN ratio, see Table B2 ) and are consistent with the original ratios insofar as they remain either above or below one, which is the important consideration for XDR/PDR classifications. Such classifications made with the adjusted ratios are in agreement with the classifications made in Section 3.2.2. We therefore conclude that the missing flux does not present a significant problem in this work and that the XDR/PDR classifications made in Section 3.2.2 are valid. Table B1 : Missing flux calculation data. Column 1 lists the source name, Column 2 lists the molecular species (J=1−0 transition), Column 3 provides the velocity at which the calculations were performed, Column 4 gives the ATCA flux at that velocity, Column 5 is the SEST flux at that velocity, and Column 6 represents the difference between the SEST and ATCA flux at that velocity. Column 7 is the area of the ATCA emission 3σ at that velocity and Column 8 provides an estimate of the missing flux calculated using the values in this Table B2 : Adjusted intensity ratio results. Column 1 is the source name. Column 2 provides the adjusted intensity ratio values calculated with Equation B1 and Equation B2 and as described in text. Column 3 lists the original ATCA integrated intensity ratio value as calculated in Section 3.2.1. Where two ratios are listed, the first refers to the ratio of the first (lowest velocity) Gaussian components of the relevant spectra, while the second listing refers to the ratio of the second (higher velocity) Gaussian components. Column 4 presents the difference between the adjusted and original ratios as a percentage. Where two original ATCA ratios are listed, the percent difference is calculated from their average. (xii) NGC 5236 HCO + position-velocity diagram and rotation curve.
